BINOCULAR VIBRATION CORRECTING DEVICE AND BINOCULAR OPTICAL 

INSTRUMENT 



Background of the Invention 
1 . Field of the Invention 

[0001] The invention relates to a binocular optical 

instrument equipped with image vibration correction function. 
2. Description of the Related Art 

[0002] Japanese Laid-Open No. Hei-2-284113 proposed a 

binocular capable of correcting image vibrations caused by 
shaking hands during observation. The correction in said 
invention is accomplished in a prism binocular shown in Fig. 
9 of the present application by rotating all or a part of an 
erecting optical system consisting of a pair of prisms P and 
group of mirrors M in the yaw and pitch directions relative 
to the fixed part of the binocular so as to suppress the 
displacements of the focused image formed by the objective 
optical system in the yaw and pitch directions. 
[0003] Japanese Laid-Open No. Hei-7-84223 proposed as 

shown in Fig. 10 of the present application a system wherein 
a variable apical angle prism ("VAP") on the side of the 
object relative to the focal plane of the object optical 
system contained in the left and right lens barrels 91L and 
91R, so that the vibrations of the image can be corrected by 
suppressing the displacements of the focal image formed by 



the object optical system in the yaw and pitch directions by 
changing the reflective and refractive angles of this 
variable apical angle prism in the yaw and pitch directions. 
[0004] However, the binocular proposed by Japanese Laid- 
Open No. Hei- 2 -284113 has a problem in that it requires a 
elusive use prism P for adjusting the eyepiece width 
(spacing between eyepieces), which makes it difficult to 
present a compact binocular, since a part of the mirror 
group M is shared by both the left and right sides to 
correct the vibrations despite the fact that it provides an 
advantage in that a pair of light beams that have passed 
through a pair of object optical systems can be 
simultaneously correction controlled for vibrations. 
[0005] Also, above binocular comprises an erecting optical 
system such as an erecting prism so that it is not 
applicable to a binocular that does not have an erecting 
optical system, for example, a Galilean binocular. More 
over it requires the use of high precision components in 
order to keep the difference of the left and right optical 
axes within a certain limit, so that it is difficult to make 
construction inexpensively. 

[0006] On the other hand, the binocular proposed by 

Japanese Laid-Open No. Hei-7-84223 requires an additional 
optical part (VAP) to be used in order to suppress the 
displacement of the focal image by bending the optical axis , 
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which causes restrictions in terms of reducing cost and size 
in addition to a problem in that it requires a careful 
optical axis adjustment between the left and right sides as 
the left and right lens barrels are connected so as to be 
able to rotate relative to each other by means of a 
connecting pin RP, which makes the system more cumbersome to 
deal with. 



Summary of the Invention 

[0007] From the foregoing situations, the present 

invention intends to provide a binocular optical instrument 
capable of maintaining a simple relation between the left 
and right optical axes in order to avoid otherwise 
cumbersome adjustment of the left and right optical axes, 
securely correcting image vibrations, and thus achieving an 
inexpensive and compact product - 
ly [0008] In one aspect according to the present invention, a 
12 binocular vibration correcting device is provided which 
comprises: a left and right pair of vibration-correcting 
optical systems that correct left and right images by being 
driven in the yaw and pitch directions in accordance with 
vibration; a pair of optical system holding members that 
hold said pair of vibration -correcting optical systems 
respectively; an intermediate supporting member that 
supports said left and right optical system holding members 



so as to be able to rotate In the yaw direction and 
simultaneously supported by a main body member to be able to 
rotate in the pitch direction; a connecting member that 
connects said pair of optical system holding members so as 
to be able to rotate in the yaw direction at a position 
distanced in the optical axis direction away from the yaw 
direction rotate axes of said pair of optical system holding 
members ; a yaw direction drive unit that drives said 
connecting member in the yaw direction; and a pitch 
direction drive unit that drives said intermediate 
supporting member in the pitch direction. 

[0009] Connecting the pair of optical system holding 

members that hold the vibration correcting optical system 
with the connecting member provided at a position distanced 
in the optical axis direction away from their yaw direction 
rotate axes makes it possible to correct image vibration by 
rotating the vibration -correcting optical system in both the 
yaw and pitch directions while maintaining the positional 
relation of the optical axis of the vibration-correcting 
optical system securely. For example, if a parallel link 
that can operate in the yaw direction is constituted by the 
intermediate supporting member, the pair of optical system 
holding members and the connecting member, it is possible to 
maintain a parallel relation securely between the optical 
axes of the left and right vibration- correcting optical 



systems . 

[0010] Moreover, since the vibration correcting motions of 
the left and right optical system holding members (i.e., the 
vibration- correcting optical system) are made possible by 
means of driving the connecting member in the yaw direction 
by the yaw direction drive unit and the intermediate 
supporting member in the pitch direction by the pitch 
direction drive unit, the vibration correcting mechanism can 
be constituted more simply, which contributes to making of 
the binocular optical instrument more compact . 

[0011] Also, by constituting the left and right vibration- 
correcting optical systems each with a single or multiple 
lenses , it is possible to produce them more economically 
compared to the case of using a VAP. 

[0012] Further, it is possible to have the yaw direction 
rotate axis and the pitch direction rotate axis of the 
intermediate supporting member within a same plane 
perpendicular to an optical axis (e.g., the optical axis of 
the objective optical system) . 

[0013] Since an optical system is symmetrical to its 

optical axis, it is necessary to have the yaw direction 
rotate axis and the pitch direction rotate axis to be in a 
same plane. However, since the positions of both rotate 
axes have some tolerance (in which the optical perf oirmances 
are not much affected), if it is within the tolerance, it is 



possible to place them in other planes that are parallel to 
each other. It is also possible to not place them in a same 
plane in an optical system having an aspect ratio (e.g., 
camera) . 

[0014] It is also possible to arrange the vibration- 

correcting optical system on the opposite side of the plane 
relative to at least one of the yaw direction drive unit and 
the pitch direction drive unit across the plane in order to 
achieve a better weight balance. 

Further objectives and constructions of the present 
invention will be clarified in the preferred embodiment to 
be described in the following. 

Brief Description of the Drawings 

[0015] Fig. 1 is a horizontal cross section of a binocular 
according to a preferred embodiment of the present invention - 
[0016] Fig. 2 is a vertical cross section of the binocular. 
[0017] Fig. 3 is a vertical cross section of the binocular. 
[0018] Fig. 4 is a plan view describing the interlocking 
mechanism of the ocular unit of the binocular - 

[0019] Fig. 5 is a perspective view for describing the 

focus adjusting mechanism of the binocular. 

[0020] Fig. 6 is a perspective view for describing the 

construction of the objective optical system of the 
binocular . 



[0021] Fig. 7 is a plan view for describing the 

construction of the objective optical system of the 
binocular . 

[002 2] Fig. 8 is a schematic view showing the mechanical 
construction of the vibration correcting device of the 
binocular . 

[0023] Fig. 9 is a perspective view showing the 

construction of the vibration correcting device of a 
conventional binocular. 

[0024] Fig. 10 is a perspective view showing the 

construction of the vibration correcting device of a 
conventional binocular. 

Detailed Description of the Preferred Embodiments 
[0025] The details of the embodiment shown in these 

drawings will be described. Fig. 1 through Fig. 8 show the 
construction of a binocular (binocular optical instrument) 
having a binocular vibration correcting device, which is a 
preferred embodiment of the present invention. 

[0026] Fig. 1 is a horizontal cross section of a binocular 
(binocular optical instrument) according to a preferred 
embodiment of the present invention cut along a plane 
including the left and right optical axis; Fig. 2 is a 
vertical cross section of the binocular cut along a plane 
including the left optical axis; and Fig. 3 is a vertical 



cross section of the binocular cut along a plane in the 
middle in the left and right directions. 

[0027] Fig. 4 shows the interlocking mechanism of the 

ocular unit of the binocular; Fig. 5 shows the focus 
adjusting mechanism of the binocular; Pig. 6 and Fig. 7 show 
the objective optical system of the binocular; and Fig. 8 
shows the general construction of the vibration correcting 
device of the binocular. In these drawings, members that 
cover the outside of the binocular body are not shown . 
[0028] First, the general construction of the optical 

system of the binocular will be described. The optical 
system of the binocular is comprised of a left and right 
pair of objective optical systems IIL and IIR, a left and 
right pair of erecting optical systems ("erecting prisms") 
12L and 12R, and a left and right pair of ocular optical 
systems 13L and 13R. 

[002 9] The left side objective optical system IIL and the 
left side ocular optical system 13L constitute the left side 
telescopic optical system. The right side objective optical 
system IIR and the right side ocular optical system 13R 
constitute the right side telescopic optical system. 
[0030] The objective optical systems IIL and IIR have 

mutually parallel optical axes IL and IR. Beeuns that enter 
the objective optical systems IIL and IIR enter incident 
planes 121L and 121R of the erecting prisms 12L and 12R, 
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repeat total reflections inside the erecting prisms 12L and 
12R, exit from the exit planes 122L and 122R of the erecting 
prism 12L and 12R^ and enter the ocular optical systems 13L 

and 13R. 

[0031] The objective optical systems IIL and IIR consist 
of front groups lllL and lllR and rear groups 112L and 112R. 
The image vibration correction during observation is 
executed by rotating the rear groups (single or multiple 
lenses constituting the vibration-correcting optical system) 
= 112L and 112R in a horizontal direction (the arrow Y 
O direction in Fig. 8; "yaw direction") and in a vertical 
fU direction {the arrow P direction in Fig. 8; "pitch 
IJ1 direction" ) . 

'2 [0032] Next, the objective optical system and the ocular 
optical system will be described individually in further 

iu detail. 

lU 

O [0033] First, the constructions of the objective optical 
H systems IIL and IIR will be described. The reference 
numeral 14 denotes a pitch rotate pivot shaft (pitch 
direction rotate axis) that perpendicularly intersects the 
optical axes IL and IR and extends in the yaw direction, 
lying on a first plane (HI in Fig. 8) that perpendicularly 
intersects the optical axes IL and IR. 

[0034] The reference numerals 15L and 15R denote the left 
and right yaw rotate pivot shafts (yaw direction rotate 
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axes) that perpendicularly intersect the optical axes IL and 
IR and extend in the pitch direction, lying on said first 
plane. In other words, both the pitch rotate pivot shaft 14 
and the yaw rotate pivot shafts 15L and 15R are all lying on 
said first plane. 

[0035] The reference numerals 16L and 16R denote the left 
and right connecting rotate pivot shafts extending parallel 
to the yaw rotate pivot shafts 15L and 15R and are lying on 

a second plane (H2 in Fig. 8), which is parallel to said 
first plane, intersects with the optical axes IL and IR, and 
is distanced from the first plane in the forward direction 
parallel to the optical axes IL and IR. 

E0036] The reference numerals 17L and ITR denote a left 

and right pair of objective fixed barrels that support the 
front groups lllL and lllR of the objective optical system 
IIL and IIR, respectively. These objective fixed barrels 
17L and 17R are fixed to the IS main body (main body member) 
19 to be described later by means of screws or the like, so 
that the optical axes IL and IR are parallel to each other 
and separated by a predetermined distance. 

[003 7] The reference numerals 18L and 18R denote a left 

and right pair of yaw holding frames (optical system holding 
members) that hold the rear groups 112L and 112R of the 
objective optical system IIL and IIR, respectively. The yaw 
rotate pivot shafts 15L and 15R are integrally attached to 



these yaw holding frames 18L and 18R, 

[0038] A supporting part 18a is formed on top of the yaw 
holding frame 18L and on the rear of the yaw rotate pivot 
shaft 15L to support a permanent magnet 2 6a that constitutes 
a yaw direction detector 26 to be described later. The 
permanent magnet 26a is fixed to the supporting part 18a by 
glue or the like . 

[0039] On the rear part of the yaw holding frames 18L and 
18R, balancer members 181L and 181R for counterbalancing the 
weights of the rear groups 112L and 112R relative to the 
pitch rotate pivot shaft 14 are mounted. The mounting 
positions of the balancer members 181L and 181R are 
arbitrarily adjustable in the direction of the optical axes 
IL and IR. 

[0040] The connecting pivot shafts 16L and 16R are 

integrally attached on the front top and bottom of the yaw 
holding frames 18L and 18R respectively. 

[0041] The reference numeral 19 denotes an IS main body 

that has a fitting hole part, into which the pitch rotate 
pivot shaft 14 is fitted allowing itself to rotate. The IS 
main body 19 is formed in such a way as to open widely on 
the side of the objective optical systems IIL and IIR and to 
provide opening parts 191L and 191R. through which the rear 
parts of the yaw holding frames 18L and 18R pass, on the 
side of the erecting prisms 13L and 13R. Moreover, mounting 
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seats 19a through 19d are provided on the rear end side for 
mounting the drive control circuit board 29 to be described 

later . 

[0042] A supporting part 19e is formed in the middle of 
the IS main body 19 to support a permanent magnet 25a and a 
yoke 2 5b that constitute the pitch direction drive mechanism 
(pitch direction drive unit) 25 to be described later. A 
supporting part 19f is formed on the right side in the 
middle of the IS main body 19 to support a hole device 24b 
that constitutes the pitch direction detector 24 to be 
described later. The hole device 24b is fixed to the 
supporting part 19f by glue, etc. 

[004 3] As shown in Fig. 6, in the top middle portion of 
the IS main body 19 are provided positioning pins 19g and 
19h for positioning it relative to the focus interlocking 
plate 38 to be described later and the mounting seats 19i 
through 19k for mounting the focus interlocking plate 38. 
On the front of the IS main body 19 are provided supporting 
parts 191 and 19m for supporting the IS lock member 28 to be 
described later . 

[0044 3 The reference numeral 20 denotes a pitch holding 

frame (intermediate supporting member), to which the pitch 
rotating pivot shaft 14 is integrally attached. As 
mentioned before, the pitch rotate pivot shaft 14 is held in 
the IS main body 19 to be able to rotate in the pitch 



direction for a predetermined, angle. This makes it possible 
to rotate tlie pitch holding frame 20 relative to the IS main 
body 19 in the pitch direction for a predetermined angle. 
[004 5] A pair of opening parts (reference numeral) are 

formed on the right and left side of the pitch holding frame 
20 the same as in the IS main body 19 for allowing the yaw 
holding frames 18L and 18R to pass through them up to the 
middle section. The pitch holding frame 20 holds the yaw 
rotate pivot shafts 15L and 15R allowing them to rotate in 
the yaw direction up to predetermined angles . Thus , the yaw 
holding frames 18L and 18R that hold the rear groups 112L 
and li2R can rotate in the yaw direction up to the 
predetermined angles relative to the pitch holding frame 20 
and the IS main body 19. 

[0046] A supporting part 20a is formed in the middle 

section of the pitch holding frame 20 to support a permanent 
magnet 24a that constitutes the pitch direction detector 24. 
The permanent magnet 24a is fixed on the supporting part 20a 
by glue or the like, 

[0047 3 The pitch holding frame 20 has mounting seats 20b 
through 20e formed for mounting a coil supporting member 21 
and the coil supporting member 21 supports a coil 2 5c that 
constitutes the pitch direction drive mechanism 25. 
[0048] The reference nvimeral 22 denotes a yaw bridge 

(connecting member) that is mounted on the connecting pivot 



- 14 - 



fU 

m 



shafts I6I1 and 16R so as to be able to rotate in order to 
hold the yaw holding frames 18L and 18R in such a way that 

the optical axes of the rear groups 112L and 112R held by 
the yaw holding frames 18L and 18R match with the optical 
axes of the front groups lllL and lllR. 

[0049] The yaw bridge 22 has a pair of opening peurts 

formed the same as in the IS main body 19 and the pitch 
holding frame 20 to allow the yaw holding frames 18L and 18R 

to pass through. 

[0050] The yaw bridge 22 can move only in the direction 
approximately perpendicular to the optical axes of the rear 
groups 112L and 112R when the yaw holding frames 18L and 18R 
rotate around the yaw rotate pivot shafts 15L and 15R. The 
yaw holding frames 18L and 18R form a so-called parallel 
link mechanisms together with the pitch holding frame 20. 
Consequently, the optical axes of the rear groups 112L and 
112R maintain an approximately parallel relation. 
[0051] Moreover, a coil supporting part 2 2c is formed in 
about the middle portion of the yaw bridge 22 to support a 
drive coil 2 7c that constitutes a yaw direction drive 
mechanism {yaw direction drive unit) 2 7 to be described 
later . 

[0052] The reference numeral 28 denotes an IS lock member 
that locKs the yaw bridge 22 temporarily to a predetermined 
position. By locking the yaw bridge 22 to the predetermined 
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position with this IS lock member 28, the optical axes of 
the rear groups 112L and 112R can be matched with the 
optical axes of the front groups lllL and lllR . 
[0053] The reference numeral 30 denotes an IS lock switch. 
As the observer operates this IS lock switch 30 when using 
the binocular, a protruding part 28a provided on the IS lock 
member 28 is pushed down, thus releasing the lock on the yaw 
bridge 22. In other words, the rear groups 112L and 112R 
held by the yaw holding frames 18L and 18R will be freed to 
rotate in the yaw direction as well as in the pitch 
'if direction. 

y 

fU [0054] The reference numeral 23 denotes a yoke supporting 
m member that supports a permanent magnet 27a and a yoke 2 7b 
^ that constitute the yaw direction drive mechanism 27, and is 
" fastened onto the IS main body 19 with screws or the like, 
ry [0055] The reference numeral 24 denotes a pitch direction 
g detector that detects the rotating position (angle) of the 
y pitch holding frame 20 and consists of the permanent magnet 
2 4a and the hole device 24b. 

[00561 The reference numeral 25 denotes a pitch direction 
drive mechanism that drives the pitch holding frame 20 
around the pitch rotate pivot shaft 14 and is comprised of 
the permanent magnet 25a, the yoke 25b and the coil 25c. In 
this embodiment, the coil 25c and the coil supporting member 
21 are provided on the other side of the rear groups 112L 
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and 112R relative to th.e pitch rotate pivot shaft 14 in 
order to counterbalance the weights of the rear groups 112L 
and 112R. 

[0057] The reference numeral 26 denotes a yaw direction 

detector that detects the rotating position (angle) of the 
yaw holding frame 18L and is comprised the permanent magnet 
26a and a hole device 26b. 

[0058] The reference numeral 27 is a yaw direction drive 
mechanism that drives the yaw bridge 22, which is comprised 
a permanent magnet 27a, a yoke 27b and a coil 27c. 
[0059] Next, the electrical construction that controls the 
vibration correcting device will be described below. The 
vibration correcting device comprises a vibration detectors 
that detect the amount of vibration of the binocular 
(instrument vibration) during observation, and a drive 
control circuit that drives and controls the rear groups 
112L and 112R as the vibration- correcting optical system to 
control them based on the output signal from the vibration 
detectors so as to suppress the motions of the focused image 
formed by the object optical system and reduce the vibration 
of the image being observed. The vibration detectors are 
comprised of the pitch direction vibration sensor that 
detects the vibration in the pitch direction and the yaw 
direction vibration sensor that detects the vibration in the 
yaw direction. 
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[0060] Tiie reference numeral 29 denotes a drive control 

circuit board that contains the vibration detectors and 
other control and drive circuits . The control circuit 
mounted on this drive control circuit board 29 includes a 
microcomputer or the like that drives the pitch direction 
drive mechanism 25 and the yaw direction drive mechanism 27 
in the directions for canceling the image vibration due to 
the binocular vibration based on the detection signal of the 
vibration detector. 

[0061] In order to activate the vibration correcting 

y function, the observer (user) presses down an IS lock switch 
ffj 30. Consequently, the protruding part 28a provided on the 
If; IS lock member 28 is pushed down and the switch (not shown) 

^ generates an electrical ON/OFF signal. When the observer 

=1= 

- presses down the IS lock switch 30 further, the IS lock 

rd member 28 releases the lock on the yaw bridge 22. In other 

m 

f=: words, the yaw holding frames 181. and 18R are now enabled to 
H rotate in the pitch direction and the yaw direction, 
enabling the rear groups 112L and 112R to rotate both in the 
pitch direction and the yaw direction as well. 

[0062] If any vibration occurs to the binocular due to 

shaky hands of the observer, the drive control circuit board 
2 9 applies control voltages to the coils 25c and 27c, which 
constitute the pitch direction drive mechanism 2 5 and the 
yaw direction drive mechanism 27, based on the detected 
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signal from the vibration detectors. The control voltages 
applied to the coils 2 5c and 27c are determined by- 
calculations as the voltages necessary to rotate the rear 
groups 11 2L and 11 2R by the angles and directions required 
to cancel the image vibration. 

[0063] Consequently, drive forces {magnetic forces) are 

generated on the coils 25c and 27c according to Fleming's 
rule and the pitch holding frame 20 and the yaw bridge 22 

that hold the coils 2 5c and 27c move in the yaw and pitch 
directions. Thus, the rear groups 112L and 112R that are 
held by the yaw holding frames 18L and 18R rotate in the yaw 
and pitch directions to enable the observer to observe 
stable left and right images . 

[0064] As shown in Fig. 3 and Fig. 5, a latching part {no 
reference numeral) is provided to latch the IS lock member 
28 in the middle and to the right of the yaw bridge 22, so 
that yaw bridge 22 can be prevented from moving by latching 
the IS lock member 28 to the latching part. In other words, 
if the observer does not need the image vibration correction 
the image vibration correcting operation is prevented by not 
pushing down the IS lock switch 30. 

[0065] Next, detailed constructions of the ocular optical 
systems 13L and 13R of the binocular according to the 
present embodiment will be described. The reference 

numerals 31L and 31R denote ocular barrels holding the 
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ocular optical systems 13L and 13R respectively. Tlie ocular 
barrels 31L and 31R have male helicoids 311L and 311R for-ned 
on their outside circumferences, and the male helicoids 311L 
and 311R mesh with female helicoids 321L and 321R formed on 
the inside circumferences of ocular holders 32L and 32R to 
be described later. Consequently, the ocular barrels 31L 
and 31R, i.e., ocular optical systems 13L and 13R are 
capable of moving back and forth along the optical axes IL 
and IR respectively. 

[006 6] In this embodiment, the ocular barrel 31L is fixed 
O on the ocular holder 32L by means of a fixing member (not 
m shown), and the ocular barrel 31R moves back and forth for 
In the purpose of dioptric adjustment. 

5 [0067] The reference numerals 32L and 32R denote almost 

E cylinder- shaped ocular holders having opening parts on the 
rU front and the rear ends . These rear side opening parts of 

the ocular holders 32L and 32R have fitting areas, into 
^ which the ocular barrels 31L and 31R are contained in fitted 

conditions respectively- The erecting prisms 12L and 12R 

are contained in the front opening parts of the ocular 

holders 32L and 32R. 

[0068] Grease is applied to the aforementioned helicoids 

and the fitting areas provide appropriate rotational loads 
during dioptric adjustment. 

[0069] The reference numerals 33L and 33R are prism bases 



- 20 - 



made of a sheet metal of SUS (stainless steel), SPCC (cold 
rolled carbon steel) or the like, formed into quasi -fan 
shapes. The erecting prisms 12L and 12R are fixed on these 
prism bases 33L and 33R by glue or the like and positioned 
precisely in a predetermined position relation. 
[00 70] The reference numerals 34L and 34R are almost 

saucer- shaped prism holders having opening part (no 
reference numeral) on the front and the rear ends. The raar 
end opening parts of the prism holders 34L and 34R are 
provided for containing the prism bases 33L and 33R, on 
which the erecting prisms 12L and 12R are attached. Bases 
341L and 341R of the holders are provided with positioning 
means and affixing means such as screws for fastening the 
prism bases 33L and 33R at a predetermined positions. 
[00713 On the other hand, the front end opening parts of 
the prism holders 34L and 34R are provided for accepting 
rays entering the incident surfaces 121L and 121R of the 
erecting prisms 12L and 12R. 

[0072] With such a construction as described above, a left 
and right pair of ocular units are formed by mounting the 
prism holders 34L and 34R to the opening parts of the ocular 
holders 32L and 32R into which the erecting prisms 12L and 
12R are contained. 

[0073] Next, the eyepiece width adjustment mechanism will 
be described. The ocular unit has a left and right pair of 
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approximately symmetric shaped interlocking plates 3 6L and 
36R as shown in Fig. 4 which rotate by a predetermined angle 
as they interlock with each other in the direction of the 
arrow shown in the drawing around the optical axes IL and IR 
of the objective optical system. In doing so, the space 
between the optical axes IR' and IL ' of the ocular optical 
systems 13L and 13R widens or narrows, thus achieving the 
eyepiece width adjustment. 

[0074] To be more specific, the interlocking plates 36L 

and 3 6R are placed in front of a holding plane 3 7a provided 

H 

O on a L- shaped fixed base 37 to be described later, while the 
rii prism holders 34L and 34R are placed on the back of the 

: 

la 

l|| holding plane 37a. 

*S [0075] A flanges are foirmed on the front end of the prism 
holders 34L and 34R respectively for mounting the 
flj interlocking plates 36L and 36R. The interlocking plates 
36L and 36R are positioned first on the flanges and then 
fastened using screws or the like. 

[0076] The interlocking plates 36L and 36R have 

protrusions 361L and 361R protruding in the radial direction 
and gear parts 362L and 362R are formed on the ends thereof. 
By causing these sector gears 362L and 362R to mesh with 
each other in a proper phase relation, the left interlocking 
plate 36L and the right interlocking plate 36R interlock 
with each other, and thus this interlocking mechanism allows 



ru 
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adjustment of the spacing between the optical axes of the 
two ocular optical systems. 

[007 7] On the outside periphery of the interlocking plates 
36L and 36R are provided multiple bending parts 363L and 
3 6 3R. These bending parts 363L and 363R make contact with 
the holding plane 37a of the fixed base 37 to cause an 
appropriate repelling force, thus providing a proper rotary 
load during the eyepiece width adjustment. 

[0078] The focus adjusting mechanism will be described 

below referring to Fig. 3 and Fig. 5. The reference numeral 
37 denotes a fixed base made of sheet metal of 3US 
{stainless steel), SPCC (cold rolled carbon steel) or the 
like, formed into an approximately L shape. The fixed base 
37 has a holding plane 37a bent perpendicular to a 
horizontal plane containing the optical axes IL and IR and a 
horizontal part 3 7b parallel to the horizontal plane. 
[0079] The top surface of the horizontal part 37b has four 
embossed areas for sliding, which are used for restriction 
of movement of a focus interlocking plate 38 (to be 
described later) in the perpendicular direction and serve as 
the sliding surfaces when the focus interlocking plate 38 
moves in the optical axis direction. 

[0080] The top surface of the horizontal part 37b also has 
mounting areas for mounting focus guides 39, which serve as 
guides when the focus interlocking plate 3 8 moves in the 
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direction of tlie optical axes IL and IR as shown in Fig. 5. 
[0081] The holding plane 37a has approximately cross- 

shaped opening parts 37c and 37d (only 37c is shown in Fig. 
5) which center around the optical axes IL and IR. The 
openings 3 7c and 3 7d are both formed with a plurality of two 
sets of intermittent arcs centering around the optical axes 
IL and IR. wherein the intermittent arcs which have 
different radii, with smaller radius fits with the prism 
holder 34L and 34R to support them. 

[0082] A rotation holding member 41 that rotatably holds a 
focusing dial 40 to be described later is fixed in the 
center of the upper portion of the holding plane 37a with 
three screws . 

[0083] The reference numeral 38 is a focus interlocking 
plate made of sheet metal of SUS (stainless steel). SPCC 
(cold rolled carbon steel) or the like, formed into an 
approximately L shape similar to the fixed base 37. The 
focus interlocking plate 38 is comprised of a vertical part 
3 8a bent perpendicular to the optical axes IL and IR and a 
horizontal part 38b parallel to those axes. 

[0084] The horizontal part 38b has four sliding areas that 
slide against the four embossed areas of the fixed base 37 
and four approximately rectangular opening parts 38c through 
3Bf . The focus guides 39 and mounting seats provided on the 
IS main body 19 for mounting the focus interlocking plate 38 



slides along the opening parts 38c through 38f . 
[0085] The vertical part 38a has a rotation holding hole 
part 38g that rotatably holds a focusing screw 4 3 in the 
predetermined position when a nut 42 is screwed with the 
focusing screw 43. 

[0086] The focusing dial 40 is provided at the rear end of 
the focusing screw 43, which also serves as a stop to 
prevent the focusing screw 43 from slipping off in the 
optical axis direction. The focusing screw 43 rotates a~ a 
fixed position relative to the fixed base 37 and the screw 
is screwed with the nut 42 fixed to the focus interlocking 
plate 38. so that the focus interlocking plate 38 can be 
moved back and forth along the optical axis direction 
relative to the fixed base 37 by turning the focus dial 40. 
The focus interlocking plate 38 is attached to the IS main 
body 19. 

[0087] Constructed as abovementioned, focusing can be 

accomplished by turning the focusing dial 40 to move the IS 
main body 19, hence the yaw holding frames 18L and 18R that 
holds the vibration -correcting optical systems 112L and 112R, 
in the optical axis direction. 

[0088] Although a case of connecting the yaw holding 

frames 18L and 18R with the yaw bridge 22 in front of the 
yaw rotate pivot shafts 15L and 15R in the above, it is also 
possible to connect the yaw holding frames 18L and 18R with 
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the yaw bridge behind the yaw rotate pivot shafts 15L and 
15R. Also, while the rear groups 112L and 11 2R are placed 
on the opposite side of the pitch direction drive mechanism 
25 across the first plane HI in the former case (i.e., the 
present embodiment), it is possible to have the rear groups 
112L and 112R on the opposite side of the yaw direction 
drive mechanism or both the yaw direction drive mechanism 
and the pitch direction drive mechanism across the first 
plane HI in the latter case. 

[0089] Although a case of using the binocular vibration 

correcting device to a binocular in the above embodiment, 
the binocular vibration correcting device according to this 
invention can be applied to an optical instrument other than 
a binocular. For example, it can be applied to a 

stereoscopic shooting instrument by having the vibration- 
correcting optical system built into each of the left and 
right pair of objective optical systems that constitute- a 
stereoscopic shooting optical system and talcing left and 
right images to enable stereoscopic observations using such 
a stereoscopic shooting optical system. 

{0090 3 According to the above embodiment, the left and 

right optical system holding members that hold the 
vibration -correcting optical system are connected by a 
connecting member provided away from the yaw direction 
rotate axis in the optical axis direction, so that it is 



possible to correct Image vibration by rotating -he 
vibration- correcting optical system in both the yaw and 
pitch directions while securely maintaining the relative 
positions of the optical axes of the vibration-correcting 
optical system securely. More specifically, by forming a 
parallel link capable of operating in the yaw direction with 
the intermediate supporting member, a pair of optical system 
holding members and the connecting member, the parallel 
relation of the optical axes of the left and right 
vibration-correcting optical systems can be securely 
maintained. 

[0091] Moreover, since the vibration- correcting drive for 
the left and right optical system holding members (i.e., the 
vibration- correcting optical system) is possible by driving 
the connecting member in the yaw direction with the yaw 
direction drive unit and the intermediate supporting member 
in the pitch direction with the pitch direction drive unit, 
the vibration correction can be accomplished with a simple 
construction, which provides an effective means of making 
the binocular optical instrument more compact . 

[0092] Since the left and right vibration correcting 

optical systems can be each constructed of a single or 
multiple lenses, it provides a less expensive system 
compared to a case of using a variable apical angle prism. 



